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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject 
polymer having narrow molecular weight distribution and 
capable of exhibiting excellent mechanical 
characteristics, processability and abrasion resistance 
by polymerizing a conjugated diene-based compound by 
using a catalyst system in which specific components are 
combined. 

SOLUTION: (A) A conjugated diene-based compound is 
polymerized by using (B) a catalyst consisting 
essentially of (i) a rare earth element-containing 



compound having 57-71 atomic number of the periodic 
table or a reaction compound of these compounds with a 
Lewis base, (ii) alumoxane, (iii) an organoaluminum 
compound of the formula AIR 1 R 2 R 3 (R 1 to R 2 are each a 
1-1 OC hydrocarbon group or H; R 3 is a 1-1 OC 
hydrocarbon group) and (iv) a silicon halide compound 
and/or a halogenated organosilicon compound to provide 
the objective conjugated diene-based polymer. The active 
terminal of the resultant polymer is successively 
reacted (or modified) with a specific compound to form 
the objective polymer in which molecular weight of the 
polymer is increased or polymer chain is branched. 
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(5**, R4 ~R5'lira-*fcl4M'«:y, ^Kl~2 

o (ommm-^timmmm. • r 6 iwmm i ~ 2 0 

©^W^&^Wb7K3^T.*y;;^c*;i/j}<x;i/ 
»*fettx^^;i^&^T*v\t%>«t <, ; m' 

(t/Nny>«^ : n«o~3©^iart^s„ ) 

3ne>© (e) rtfi-tt. .ft^©i3-a-T'^ffflLTt.J:V\ 
[6d4 0].*uv-®?SfS5Wi:K(Sa.-te* (f ) ^ 
^a*Al/>fb-£»i, TI3^ (VI) 

Y-C-Z«#v. • (VI) 

^IZIT*, (f ) $&CD-2>15>, ...Y Z*«M 

y, Ytfrymm*. ztfj*vm*<?)m£> ^x>r.v 

S. L^t^e>, (f)^li, ift&CMlB*^*)* 

[0041] ^x^b^iiL/Tii, m.n 

xfMfX 7"fiWrfX 7i-WfX h>>W 



(8) 
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visT-r-h, 2, 4-hy i/>sMvs/7-*— k 

2, 6-h'J l^SMVi/7:*— k ^i-iW^ 
V S/7*- k *U * 'J 'V ^^^^©y7x-;W 

*>5My5/7*-k ^*^*f i^iMvt^-f- 

'tt. «iLtf7x=^*>fyt/7^— K 2, 4-h'J 

u>s^->fvs/7:J-- k ^^r^^i/^^^y 
s/7*-- hftif^ffen*. Wb^ttfc io 

N, N' -if F^if^ff few. 

[0 0 4 2] ^W-(DrS145l^(gi:Mf5$^s (g) ^ 
fDSJWHfcm TIE5£ (VI I).T*Sn*«5t 

[0 0 4 3] 

Kb a] 

c \^? c (VII) 

[0044] (aw, y «u w&m*> *ymm*z 20 
^ -ijK*s4b^4inf»y,' ^ yiyst^#£> x^ 
«x*- Iy>p4-dp2/ R ^DhTU^tf^S/R i/9u*& 

N-^xX^X^l/W N— (/J- 30 

ic % *4?ylteM£VT\*. MZ.ittJJys 

[0 0 4 5] d<'Jv-©?*l45Mgi:iSf5S-a:S (h) a 
u>fyfc4Vt/7 jftiSWi* TflEsS (VI 1 1) Tf* 

-N=C-XI*6« • • (VIII) 

I 

(h) t\u>fytt.>(Vi/7.JVc t -&®t.LX\ts 09*1*2 40 

-7^/'-6-^DDh: , yb>'> 2, S-yzfUtW 
i>"X 4-i»DD-2-7i-;VWJX 2, 4, 
5- hVfttj^W-M 3, 6-£?*DD-4- 

*^;i/h?y*rs?x 3, 4, 5- ny gantry ^s; 
4-7$;-6-?na-2-*;k*j:7>fc?y 

X 2-7^y-4-?DD-6-;*^;i/^y$^X 

2-75^-4, 6-^^DDfc'y^^X 

-2, 4-V*h*isXV 2-9un\t£V$9- 

x 2, 4-i>*^ao-6-^^;i/^y^i;x 4, 6 
-Viruu-2- w-nrf-*) wxvy* 2, 4, 50 
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5, 6~rh5*nDfc?'M^>, 2, 4, 6-hU? 
□ Dtfy^^X 2-7$y-6-^DDt^7^X 
2, 6-^OD^7^X 2, 4-l£* <*f\A^ 
*) -6-^DD-l, 3, 5-hy7^>, 2, 4, 
6-hU^np-l, 3, 5-h'J7^>, 2-7'D^ 

-5-- hn^ry-;u 2-^DD^>v*f-7 % -/- 
;k 2-^PD/oy^-b-i/-;i/*if^we>tiS. 
[0 0 4 6] jtfyv-oratt^fcfijss** (i) * 
MRyUs mwfyiWa, i^fMb^t ^Sfcxx 
^;i^^«*fe»MMi**t4. ties*; (viv) ~ (x 
i v) T-mztizimziz-r&fc&MZ'tbz. 

R7 - (COOH) 15 • • • (VIV) 

R8 (COX) m • • • (X) 

R9 - (COO-RIO) ... (XI) 

RH-OCOO-R12 ... (XII) 

Rl3- (COOCO-R14) B . . . (XI I I) 
[004 7] 

Hb9] 




(X I V) 



[0 0 4.8) (5£rfc. R7 ~Rl5ttH-j(.fettHftij % 

mm i~5o <DB&m&z-gtimtim& x^a 

(i) j&#<z>e>-£, ^ (viv) ^ati-s*;i/ 
jiogfiibTii, mx.\mm> XT-rvym* rwy 

m, v W iflfc . 7 9 'J * * 7.* y /l> 

m ?*)m..>(V79.)m:7-is7*jvm. >y*y 
vhsfc. tfn*y*Mfc ^y^hsa, #y**7*y 
/M»x^?Mb^**fettJi<y 7* y ;i*Hfc£*©£* 

[oo4 9] ^ (x> T'mzti&mwfyivtotisX 

te, MX.\mm>? a 'J R zfa □ y K, zf* 

yW&uvK 4v39yW&uv K, ^-^^>if^n 
'JK, SMW^D'JK, ^7 

vymtn y R 7 cJi ^ □ y K, . v u-f >gft^ □ y 
K, *WJ>WD!)K, 3^b7-fe^;k 3^-fb^ 

»f fens. 

[0050) ^ (XI) T^$tlSX7.7 L ;Wb^ill/ 
Ttt, Mz.l3m&x.*M 7*7-7 VyWtttM 7W 

7i"J;i^x^;k ^t?7^y;b®x^;k 
xf-;k xP7.tJt;i^^^;k hy^Uy HSfhyT" 
f-;k tfo^ y v vm.7- h'zxti-M * y y h®^\^ 
■y-x^k Si7xz;k jKy^^;i/^^^y v-b. 
jK'j x^;i/T^ y i/- k jk»j >r V7*f ;i/7^ y u- h 
^h'^ tfe, * (xi i) T-^^n-s^x^xMb 



(9) 



15 



Xnty-yafc. *&kyyB8Sfc *t*-fviWBft &zk^ 
y*ym, m&Mmt, m>>x4m&za&. <xi 

-?\sj>m£m.-&fo&£(Dj% (xiv) T*an«4H- 
to o 5 1] jfcfe, (i) m#ic#tffcib-£»£ #8 io 
fc, 0j*iix-^;b& 3 ttr 3 ;itfc if ©#Xnhy 

(i) jfcfrlx. ^a=t L < ticitiibatffc^*© 2SO± 

& - 7*j-)\&it&imem*xmto£ i/x-^tf&o 20 

[0 0 5 2] JKU V-OJStt^ilSf&S-fr-S ( j ) * 

-n^K^UKWkiwu*. TiBsS (xv) ~ (xvi 1) n 



M* (OCOR") 4-1 • (XV) 
M* (OCO-R"-COOR") ,., 

• • • (XV I) 



[0 0 5 3] 

Mb 10] 



R"i M* 



ro? 1 



(XVI I) 



30 



[0 0 5 4] (3£tk Rtt~RMtem-£tcimteV* 

mm. i~2o ©«3jys^«:^^b*^ m* 

XW^'^JWR-T-ifctt^/bv-^AW^ 1«0~ 
3 ) 

[0 0 5 5] (j) ^©e>t>, JJES (X 40 

X^fly-k h i ;7x-;i/^X-2-x-5 L ;b/\Jf9-x 

- k h'j7x-MXt7r- k h'j7i-MX 
7-fe-r— K bU7x-;i/^X7^U y-k hU-n 

- Xr X5 A y- k h U - n - X^* X- 2 - 

ifM^tr- K h u - n -y^^xx-ryj— 

k hy-n-X^l/TJXTfe-x-k h'J-n-Xx 
;i/*X7#y U-K by-t-Xfyi/*X5fly- 
k h«J- t -7*f ^XX- 2 - If M^tf - K 

hy-t-X3yb*Xr7x-k hy-t-Xx;b* 50 
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X7iz-r-k h'J-t-Xx;i/XX7*y y-k h 
'J V Xx^X? 7 V— k MM V 2 

-x^;i/A^T— k h u-f yXf ;i/*Xx7t— 
k MjyyXr;i/*X7-t-r-k MMyXf;i/* 
X7*yy-k Mjyyxptf;i/xx5fly-k h 

y Xd ^;i/*xxy-r- k h y-r y Xd tf;i/xX7-tz 
x-K MJyyXD^;i/*X7*y y-k MJ^* 
y;i/*X5 k h y ^ y;i/* X- 2 - x^; w\ 
*tfx-k bU^i/;i/7.X7-fex-K MJ'vfry 

;y*X7* u i/- k h yx^^x^ a y- k h 
yx*^;i/*x-2-x5yw\=*-y--r-k hv*t* 

MXt7f-b, hy^-^5 L ;U7.X7-fe-r-K HJ 

;i/*X7* y y-k h u - 2 -x-^wv* y;b 

*X5fly-k hy-2-x5 L ;b/\^r>>;i/7.X-2- 
x^;w\:*-y-r- k h y - 2 -xf;K^fJ/^Xt 
7f- k h y - 2 -ifM^f^X7tf- k 

h y - 2 - x^;i//\^r isjix X7 £ >J y- k h y^x 
7y;^X5fly-h, hvx&TVfrxx-z-x* 
At**tt- k MJ*x7y;i>;*xx-7-r-k mj 
y ;^X7tf- k h y u ;i/*X7* y 
y-k i-y^>y;i/^.x^fly-h, MJ'Oyvi/* 

X- 2 -x^;i//\3r-9-r- k h 'J ^>»7Xt7T 
-k MJ<<>y;yxX7-feX-k h'JX>^;i/^x 
7i"JU-K i?7i-WXi?57l/-K 
;i/^.X- 2 -x^/v^-r- h» y7i-;^X^ 

T71/-K y7x-;i/7Xi;t7f-f, J>7i-;i/ 

^x^7-fe^- k y7i-;wxj?7i' u y- h, *J 

- n -Xf ;WXi?5 A y- k S?- n -X5\H/*XS^ 

- 2 -x^^^r-y-T 1 - y-n- 7*fJl/7,X^f 
7b-K y-n-yf;i/^Xyt7f-K y-n- 

Xf-^xs^-feT— y- n—ff-frxxvyv y 
y-k y-t-x^yaxy^fly-k y-t-x 
f^xy- 2 -x-^;^#-9-^- y- 1 -x^ ;i/ 
j*xy*-r7 y- y- 1 -xjyi/^xyx^-x— 

y- 1 -Xf- ;b*xy7-iz-r- hs y- 1 -x?;i/ 
xxvrtr y y- yy vx^^xy^y y- h, 
y>r yxf-^xy- 2 -x^;i/^^-r- y^f y 
Xx;i/^xy^7 L 7 y- h, yy yx-j-^xyx^-r 

- yy vXf-;i/^xy7i2-r— h, y-< yx^-;^ 
xy7^ y y- h, yy vxa i^^xy^ y y- h, 
yy y xd ^;i/*x- 2 -x^;i/^#-y-x- k. yy y 
xd tf;i/^xy7.-r7 y- yy y xn i^;i/7.xyx 
yx-k yyyXD^^xy7iz-r-k yyyx 
□ Vfr7>xt?7if y y- k y^y^xs^5 a y- 
h, yA3p>>;i/xxy*-2-x5 L ;b^-9-x-h. y^ 
^y;i/^xy77 i 7y- y^^^xx^t7f- 
k y^y;i/^xy7iz7 L - h, v^t'^xXiPr 
v y y- h, y- 2 -ifM^^wx^fu- 
k y- 2 -xf-;w\*y^x- 2 -if;yN^tr 
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-k y-2-x.^^^»VXXVX7"7U-K *J 

;v\*ci/)ixXi?7±T- k J?- 2 -x^;w\3f 
*X5?7$MJl/-k tfcr**7l/*;XS>9*l/-k V 
■A^^xxv- 2 -x^iAipff- k partf-fr 

7.XP7.7-7V-Y. VXtf-frXXV-fPT—b* V 

#?3-)\s*xi/7-t7 L - k. v-xtf-frxxvyt y u 

- k U >I/;xXS?5 £ I/- k U /|/X 
xy- 2 -xy^w^xx- k y^f7 Vfrxxvx 
7-7 U- k . ^fT'J^X»7f- k S**^7 10 
U ^X^Tiz-r- k 2^X7 U ;i/*X2>7 * U I/- 

k t*oy/i/;wCi;9#i/-K 

2 - xy^l/O^Xx- k pri-yVfrXXV-X^ v- 

•fc-r- k SM>S?/l/;*XS>7* U U- k 7i-;i/7, 
X h U 9 ? I/- k . 7i-WX h U - 2 -x^;b/\3r 
XX- k 7a-^Xh'Jt7r-K 7i-MX 
hU7-fe^-eh> 7i-;^Xh>J7i"Jl/-K n- 
7*f;WXh'J5^U-K n-X^;i/^.XhU-2- 

x^u^xx- k n-xys^xhyx^x-k 20 

«Mj-i/r-K- t-x^;i/^xhu^^u-h, t-X7 
;k*X MJ - 2 -xy^wx^xx- k t -7*fMX 
h'JX:7X-k t-X^;i/^Xh'J7-fe^-k t- 
xx;ut.x h y 7 * u u— k y^wx h y 5 <y 

>f V7"f;^X h 'J - 2 - xf ;i//s*tf- 

k -fvxyvi>;*xi»yx:7X-k 'fyyfMXh 

"J7tf-K -i VfWxXbV7*V U-k 4V 

xntr^xxhu^^iz-b, -fvxotr;i/^xhy- 
2-xy^n,'v*xx-k 'fvXntf^Xh'JX^^ 30 

- k -T vXa ^;i/*x h u 7-feX- k -f vXo tf;i/ 
xXbV79V)s- k ^t/fraXhV**^- k 
s\*i/)V*X b 'J - 2 -x^-A^XX- k 'v* S^l/ 

^xsyx^x-k 'v*s/;i/xxhy7-fex-k ^ 

*ri/)l*X b V 7 if 'J U- k ti>f^Xh 'J 5>7 L' 

- k #*y%M/;*Xhy-2-xy\;wv*xx-k 
#^;i/*xhyx7-r-k x^5 L ;i/xxhy7-fex- 

k *9*ftXX h V 7V y U- k 2 -x*yw*S/ 

;i/*X h y 5 S l/- k 2 -x^;i//v* $/;t/*x h y - 
2-xx;wv*Xt— k 2-x*yw*S//l/;*X|»U 40 
t7f- k 2 -xy-;w\* >>;i/;*X h y 71zX- k 
2-x^;wv*£/;i/*Xhy7?y 1/-K *X7y;i/ 

*x h y ^ ^ i/- k *X7 y ^x h y - z -x&n, 
^xx-k ;wy;i>*xh>;x7x-k *X7 
y ;i/xx h y 7-irf — k x=r7 y ;i/xx h y 7 * u u 
-k ^>^;b;*xhy v^iz-k 'O^iaxsy 
- 2 -x^;i//v5MJ-r- k 'O^xXh 'Jt7f- 

k ^>^;i/^XKy7-fex-k ^>^;i/7.xhy7 

[0 0 5 6] ±IE*S (XVI) 50 
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t UTtt, ^li^^xX^X^^^bVl/- 

i?7i-;wxa- 2 -x^^^f-y-x^ h, 
x^XtfT.* u- i;^ xx;i/xX^X 
£?%n/vu-k ^7xx;i/^xtr^^>^;i/vi/- 
k ^-n-X^;i/^X^^^;i/VL/-h, J?-n- 
X^;b*Xt^-2-x^/\3f-y-r-k y-n-X 

^^T-Xtr^^-^-?-;^ u- h, y- n -x^;i/7.xtr 
^>y;i/-7U- s;- 1 -x^;^x^7.^^;i/v 
i/->, ^- 1 -X^;i/^xtf7>- 2 -xfM^ff 

- k v- 1 - x^;i/^x^x^ k V- 
t-x^i/^xtf^^o^bviz-k ^vx^;i/^ 
Xtr^^^;bv U- b. v-ff ^XMX- 2 -x 
^;w\3fX-r— h> ^yXf-^x^x^^^vi/ 

- h, ^ vx^-^x^^v^y Ur h, . y-f v 
Xa tr^Xkfx^?-;i/v i/- h; s^>f v Xd ^^.x 
^xt 2 -x^^^f-y-x- i?^f vXR^xxtr 
^t^f^u- h, . ^ VXa ^;i/^xtrx^>i?;i/ 
vv-K ^^rS/;i/^x^^^;vyb'- >, s ?<\*r 
j/^XbT^.- 2-x^;i//\^r-y^- h, t?^^i/;^ 
xi^u-i^i/vi/- k y<^*s//i/3ix^xfC>s;A» 

v U- h, V- 2 -x^;i/A.^r$/;b^Xt^x^-9i-;bv U 

- k V- 2 -x^-;i/^dp>>;b^x^- 2 -x?-;w\ 
=¥X-7-h, ^-2-x^;b^s/;i,^Xtrx^:i'^l/ 
v I/— b> V- 2 -x^i/^^f i/;i/^Xtf^/<>i;;i/v 
u-k ^^^i/^XbT^^^i/vb-h, 
;i/^.xtfx- 2 -x^i/^x-r— h, ^^^;u^x 
brx^-^^i/vu-h, ^i'fMxa'O^i/v 
p-k ^7 1 7y;i/^xtfx^^;i/-7i^-h, 

7 y ;i/xxfcr*- 2 -x^^^-y^- h, ^x7'J 
;i/7.xtfx^-^^;i/vb- y^f7 | J;^x^^ 
u- h, ^>s;;i/^x^^^;i/v u— hv 

i?^>^;i/^.Xtr^- 2 -x-^Ws^X-r— 

^;i/^xtrx*^^;i/vi/- a/t^xvx* 
>^vl/-K ^7xx;i/^xtf^^^;i/7^x- 
h, y7ix;wx^- 2 -ifM^f- ^ 
7ix;wX^i'f ;i/7^f - h, i?7i-;^X 

Wsiyv/vyt??:- K ^-n-x^;i/xxtrx^^ 

;i/7S*r- h^ n -X-^^X^- 2 -xf;K 
dpX-r-K> ^-n-X^;i/XXtf^.^-^^;i/7yx- 
h, V-n-zf*f-)\s7,X¥*'<y*J)\,7 i J : r- b> V~ 

t -x^;i/^.xtr^^x;i/7^x- k *J- 1 -Xy 1 ^ 

7>X^- 2 -xy^;^^XX- h, P- 1 -X^^X 

x^^i7^;b7^x- hs y- 1 -xf-;i/7.x^^ 

- h, >^ VX^-^XtfX- 2 -x^;U/\dpXx- 

h, sMyxy^^x^T^yv^^x-k 
X^;i/^x^/<>t;;i/7^x- h, ^-Y v Xa f 
X^^^;b7i>'X- h, VXa ^;i/7.xe7.- 2 
-x^;b^dp-yx- k ^VXD^l/XXhT^^^ 
;U7^*t— h, i>W VXD ^X^>^7^? 
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-k V^i/R/TtXyZXlf-WTtPr-K 
to'XXeTs- 2 -x^;w\3f-y-r- k V^i/frXX 

k i?-2-x.*J\r**t't/frXX\ZX**-A'7i? 
7— k V- 2 -x^-^/Adp i/^XMx- 2 -x^;i/ 
^^p-y-r- K V- 2 -x^/u/vfrS/AttXtf;****' 
;vt^t— K V- 2 -x-?;i/^i/;i/^x^K>*; 
;vr^-K mt?j\'XXXz*m7i? : r-K 

P?t{7<?-n>xXVx- 2 -x^;i/^dp-9-r- K V*t 
f-JbyLXXXMr+A/Tift—bs 9 J*tf^XX\£X 10 
*Z/Vji/J Vt— k V)l>*X\ZZ.*<?)l7P 
x- k ^T-TU;i/^Xtr^- 2 -x*-/u/vfc-fr9~ 
k ^fT'JM^m^f ;i/7i?f - K ^t- 

t u ;i/^x^K>s?;i/7 yy- k t^y s^vaxtr 

;* * *;i/7 i^- k t/ ¥)\>XX\±7. - 2 - x^;i/ 

k v*yy)\s*x\±7s*yyfrT*jy-- btezamf 

[0 0 5 7] ±125* (XVI I) t'^SWft 

i$mh x^XXY I/— k if- n 20 

-zfrJt/Z.'xvi/rrbi y-t-^yio^xyy-k 
y yf^xv i/- k ^-Y y t/o tf;i>^Xv y- 

^Xvu-K s^^i/^xvy-k yxfyj^ 

—X^XX^Vt— k V<iV-f i f-ftXX7V : 7— 

k SM yy"D \£j\>?sXy&7~ k v^t/^xv 

T-fe-r— k y- 2 -ifAA*^X7yr- k 

© (e) - (j) /&8-©<b£# GSTF WJJ i:*^ 

[0 0 5 8] irt', _hfB (a),^(CMtl>WPJ© 
^fili, ^l/Jfct?, 0. 0 1-2 0 0, 0tL<lt 

o. i~i 6o-e*y.--o. o i%mx-i±. SfSoii^ 
smmnatvf. -is, 2oo*mxxm%hx*>. 

©ggttKJStt, +1 6 QTC^Tv &*L-.<«-3 01C- 
+ 1 3 ox;©i&ggT*, JSBTBc; o; i~i pm # 
£L<1*0. 2~5^|g|^(i1-Si£:*^*LV^ 
[0 0 5 9) @^©a^^ S5ttgj9?jW»7Lfe© 

[0 0 6 0] *«WK:J:y#6*l6^ifi:2?X>»fi^ 
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XtmU SUB*. A^^.XiiyK 
^bfi^SBR, *g$fi-£SBR, /KiKyyVx EP 

(D) M, ^brf-k, *8XBR, 7kgxSBRlcyV> 
[0 0 6 1] 

ram &r> mmmwx. xnw&zbizm 
tit: ^mtpozmamfefo Tiao^atcto 

[0 0 6 2] A-x-^a (ML" 1+4 , 1 o or:) 
^1^, «33^^4^ IUE1 OOTCfll^Lfe. 
3 »P«Bi (£/*-!. 4 -^^-a, gfjkzL 2 
-jfe^S ) 

(Mw) fcgppj&j»?A'aan)-fc<ott; 

3HV-"(«0-» HLC-8 1 2 0GPCtiiK.«» 
OHO 8S, *^AGMHHXL 

[0 0 6 3] §i§sgas 

J I S K 6 3 0 1 lC$£oT«tL-fc. 

^>n^y>m B&mmmmzRw 5 ox:T'©ii 
xuy^jt6o%, asiT-eiiHftLfc."'. 

[0 0 6 4] 4«WiO«^#S:fliV%T, TiElCjjVfSEilr 



m$m ■ ■ ■(») 

^'JY- 5 0 . 

5 0 

I SAF^l— /j\>y*57^ 5 0 
£^ ' 3 
^f7'J>i 2 
«ftlftih3H.(*l) l 

MBftfiEBS(9 (*2) .0. 8 
-f^-'t? 1. 5 



*1) fy^Dtf;i/-N' -7i-jl/-p-7i- 
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vyvr^y 

* 2) N-i/^xn^i/j\/-2-^y^7PJ^)iy 

[0 0 6 5] mfcffll 

f-yJUT, ' t/tru'^vyz. 4kg, i, 3-:/*^ 
x>3oog&ffii^„ iti6tc, »6>j^u«>*^* 

>H»**S?i* (0. 09mmol) Q>*/9W\ttV%t 
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